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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain an objective lens of a numerical aperture of >0.7 with an 
aspherical two-elements set by forming the first face on an object side as a ellipsoid of 
revolution and setting the curvature of the first face, the glass material (refractive index) of the 
first lens and the main plane interval over the entire part of two-elements set lens so as to 
satisfy specific conditions. 

SOLUTION: The aspherical shape of the face of the lens system is indicated as the rotating 
body around the optical axis of the curve expressed by equation L In the equation I, (h) denotes 
the height from the optical axis; (x) denotes the distance from the tangent plane at the 
aspherical vertex of a height (h) from the optical axis; (c) denoteds the curvature of the 
aspherical vertex, (k) denotes a conical coefft; A to D respectively denote the quartic, sextic, 
octic and decatic aspherical coeffts. The first face on the object side is the ellipsoid of 
revolution having the positive refracting power and satisfying -1 <k<0 with respect to the conical 
coefft. (k). The lens satisfies equation II to equation IV when the refraction index of the glass 
material forming the first lens is defined as (n), the radius of curvature of the first face as R1, 
the main plane spacing over the entire part of the respective lenses as (d) and the effective 
focal length as F. 
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( n - 1 ) -Ctt. 01 BDODfi^aR, *VhS < «r 0 . 

r. 

[0 06 8] 
[£*33] 

n 

dp, < 

n- 1 

[0069] TfcWftKfr 6«cl>. C©*§£> #EJ<®<£ 

fttctt. ctfc3 o) &c*jc>t. 

[0070] 
[»34] 



n- 



(n- 1) dp, 



[0 07 1 ] 



d = 



*30* [|fc3 5] 
- (n— 1 ) />,+ n 



(n-1) p. [ (n-1) (n»-n-l) p.+ l] 
[0 07 2]4fiS. n=l. 471S1. 8. p,= ★l«l2<!:|5l«©S^6. tCjfi&T&ntf. 

o. bnmi. 9m&o)*mi-e£.ic3*z.xi,>zmw'c [0073] 

tt. C&3 53 ©£i2tt C&3 3) <Dft2U:K)>\^*,\ ★ [&36] 

- (n— 1) p. + n 

d< 

(n-1) ,01 [ (n-1) (n a -n- 1 ) p,+ 1 ] 

LV>„ 



[0 07 4] (3) H^U>Xa^©3viR^ 



[007 5] 
[»3 7] 



17 

Q«iQ»* 1 

B- A ( ) 1+ (- 

Q.j — Q.j ri 3 



(10) 

Q,j-Q.i 



1 0- 1 04507 

18 



n s 



n- 1 



n- 1 



[— /Oi'+ (dpi+1) (n— 1) pi-n<3 2 +d (n— 1) p\pi 
(n*-l) p 1 -n , o. + d (n'-l) jO./Oi ] 

fix' [-1 + (n-1) (n J -l) p, s (d-d.) (d-d«) (d-d 3 ) ] 



[0 07 6] * 

1 

d.= 

fit 

(n J - 1 ) (Oi — n 2 /Oi 

d,= 

(n*- 1) /0»^« 

(n— 1) fii— rtfii 
d,= 



* [&38] 



n" 



(n- 1 ) Oipi 
d»<d.<da 



n a - 1 
n 

n- 1 



1 

fi> 



1 



1 

fit 



fii 



too7 7] cct. 0msmic-o^xit. 

«&©-c. nvjRMtcoc^rti^o^i-^i^rj; 

[0078] ST". C© C$C3 7 ) 

i) p,- 0©£#. U>X:£<*©^7--£ 1 £iE»fb 
•Ttlti, C$it 1 7 J «fc 9 . r,= 1 -nfcttS. C©£ 
IT. d, = n - 1 

[0 0 7 9] ii) d = 0 (ifftiSfH) ©i^itn 

•7JRM*S0{C^-2, (B = 0ift5) Jc^ttPttt. D = 
1 <tLT CtU 73 * C&3 8J ©p^RAOT 



* [0 08 0] 
[&39 ] 



n* 



30 



[0 08 1 ] Cft6cD4$8fc&*§££agL-C. =i-7iRM 

tS^£. 3VJRM*S0(c&.&d©-aS8?W:» C&3 7) 
r. B=o<t*jt,ir, 

[0082] 
[&4 0] 

1 



(d-di) (d-di) (d-dj) = 



(n-l) (n 2 - 1) p 3 



[ 0 0 8 3 ] ZffitcT. [ytcifir,X. ±§6(1*4 0)© 40 ftfc«W£-C&&,, CtieMHO^-C, a-7lRM{*0CC 



/OjO^bCCiCCTSooMiglA. B. com. 
l?-kfctet,>-t B = 0 t t&i> d <J)l&im&$ S. 
[0084] 3 vJfcMlfctfc B « . i6 ^P<DmWM-CTh ? 
SUSA. B. CrtriECfil^iS. mMAit. d = n- 

iK:Sna-r^>*^*d«oTKgi-r-5^-c*€>. SglfSB 

«. P, = n'/ (n'- 1 ) icSfifi-rSflm^p.OiliB 
if S^ig-C**. 8t$C«. d = n- l£d©±K<t 



[008 5] C®3^<DmWZttM&iULr?>2>£. & 

r. ^A©^iaa*53-7iR^iiiE©/ca)fc«M$i/ 



(ID 



10-104507 
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[0 08 6] 
[«4 1 ] 



20 



n- 1 . 2 5<di , Pi< 



n 1 - 1 



[0 08 7]*. Ztl^tl<l(DTm±P l <»±.mf?*> 

[0088] (4) mftm\s>xmkt l c&z>m\m<Dm. io 

C»3 6D t Cifc4 ID ©M^S^I-Si. 0 8tc^n 

-r«fc5cc c©08*©#4^gf5©«wia^. iRMf&*> 

Kl. d = d, = n - 1 ©ififil-CJ*. EC^pjCDKHfCMo 

i 

AY' =Y' -/? Y = R* (2+cos20) 

2 a' 



[0089] Hl^{cas&©tt. C©3v«Rft*S/h^ Aj: 

[0 09 0] C2- 2) fiSfc^JtL 

[0 09 1] 
[&4 2] 



[0092] r^i?»ns ( rflis©?¥ft-r^^^<D * n 



(Ntanw2IlM+E v (HE) v) 
ju. 



AY' 
Y' 
/S 
Y 
a' 
R 



0) 



BUS* 

HE v = 



30 



: SyI©®S3vM 

(i!4 3} 
[0093] 
[f*4 3] 



II ^ 
HE v 



a v 
av' 

a v 



(av' 2II^-a vIII^) 



(av' SI/i-avZlA) 



II is. :»xiffi3Vi&M^» 



[0094]TW„ CO C£U 3) frh 

[0 0 9 5]flflx.T. »MitR^RO*=iv)R^<tfe(C. ft 

&6fr<,> 0 &.±<Dmft*:mtc-? ectt. d = d 1 jfi&©$i 
«#&j8-C&£. CO^Tfi. R. d<D£%ti><DWb 50 



[0 09 6] (2-3] ^U-y J- £ LTOWS&HiiStS: 

£5(c, Jfl2®*>6©SB§lt£t,T. 
[0 09 7] 
[&4 4] 



(12) 



21 



n- 1 



r i 



:d (n-1) 



r i 



<&m¥ 1 0- 1 04507 
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i$»f,n5 (MMSUt <"b>Xi&gmj P. 28). i tvxiF.m 



[0 09 8 ] 



*10* [»4 5] 
d 

WD= f — A' =1- (n-1) = 1- (n-1) dfli 



[0 09 91 
[#4 6] 



.d (Oi = 



1 -WD 



n- 1 



30 



[oioo] ifcA^t, mvtmn timmmwD (m 20 

1 <P<D d , ) i *U*. dp, »-S-C?Xft^±© * 
<t&£= fP«jffiiKWD#0©<i:£. dp,= l/(n- 
1) iflc*. .—««:. iSI3Pifc©u>XCCfcl>Ttt> JR 

[0101] *#Mit?#it"Cl>*©tt. Kl^DtS: (N 
A) . -r^ctoft, NA#0. 7fcUb©^XU* hU>X 
T?*-S. 0*>t/, **©'*«7-tt. J*lllie*<t>l/C;l» 
SOT. CC*TBfiW»W#U>XtaE«Lr#it*C 
fcT. ftteZi&MVSZ. C©«fc5ftiSR!P#-Ctt. d 

p,«. 

[0102] 
[#4 7] 

0. 6<dpi 

[0103] -c&tt*i«&6&<,>. cft&Trtt, 
-e© a v««©«E3&sHK«:fl: 0 tm&m L, < m < & 6 

S2iw©itt«ssa»Kft5. c©±ie(# 

47)©3£fflt?«. n*l. SgSiTtttf. C©J?W 
m U >Xifi«©f3IMBiW D ttttj&EMKD 0 . 5 
e>0. 7«gflt(Cft**J v fc^-fX*©*^ ^-fX** 



r i 



o i ©j»s«±©fawsi«iwD3W ! fi:»»tt©'c. 36 

f^?i^U>Xi ©m©£fltttftfHMEKW D 
tt. C©£fr*»fcLTl»T*>. ft£gNW3mmS£ 
Ltctg&lC 1 mmfe(TiCl/*^f>^l,>„ 
[0 10 4] *lffi©^'7-J64/h3<a&4. JH 

2 ffi«|*©/< -7 - jWWD U r tt«¥S«Vhd < fc i) . ft| 
I**B»(cft-SC£. £¥ffiFtBPSdrt«tJinUT;u>X© 

[0 10 5] 
[#4 8] 

0. 5<dpi 

[0 10 6] C2-4) J*lMiU>Xj&<t^6ii*>tl& 
£HEK©e£»N^ 

«±^*ie6S<!:. C#3 6]K C»4 15 . C#4 
7) . (^48) «fc»K 
[0 10 7] 



40 



[#4 9] 



[0 10 8] 
[#5 0] 



a- l. 2 5 <■ 



F 



0. 5< 



R, 



n a -l 



[0109] 
[#5 1 ] 



- (n-1) 



• + n 



0. 6Ri<d< 



F 



(n- 1) 



[ (n-1) (n'-n-.l) 



-+1] 



[0110] C3)^lxu^> h©«AM«Wt«: J: 4 50 ffgTB&ft 
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^lBBi^2M<!:<Dffira|ig*d,. m2Mi03ffiiCD 

[Oil 1 ] 
[&52] 

d. 

<0. 1 



[0 112] 
[&5 3] 



n- 1 



0. 8<d» 



< 1 . 3 



[0 113] d,^A*<^€»i. 5 
»lffiCC^'7-3&^ttJOr^«()iSI^WD*5S<^ 

0 = 01 + 02 (l-di0i) +0» [1 

[ o 1 1 6 ] c<o csfc5 4 ) -c. 0 t iitii^-rn 

t> ( 1 -d,0,) Utctfi-?X> l-d,«/> t =0 

L/c*So-C. C©«|*JU>X{CiB;E;*>©l 

ti*^DT*>. ^©^-iBgtt^b^&^r. jr 

Mt^-tt-T^ S^^KAS-S. Xffifttfctt. l-d t 0 t 

•s. ^©sft^ccoiirisi^si. a«ifli«i . os5 

^t?*f). 0. 8fclT\ 6tx<«l. 3«±-C»02 

[0117] to mm 

X<t l/TiSfHL^l ®<Dffl}£ j o 1 ii¥fflliSI<Sd£i&D 
[0 1 1 8] ttc. CCSTtfl: (-f&fr*5:fci80 ««e 

ifc (na) ©i«^{c*5^r«. m.m>&mm?$>2>tm 

[0 119]*l/T. ±j£t^dtf4$Jb>X£ffll,>-C. * 
i|g©ggJ5 1 & f ? * T •> XJ|g£#t(£-r 5Ci 

©^JgftU— !f3*>*>&fffl;*nfc7BI?£. ±i£©2t«JU 
>X6*/M,-r. 3fc^iBI&«{*r&£*:7^ X* l o 2 



C13) 1 0- 1 04507 
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* ^> h 2-C«b'-AS*l!*S4CD-C. 

l>. Lfc*^r, m2ffi<!:S3ffii©SP^|iid J «-C# 

[0 114]COi*. Ctfc5 3 } ^rS^tCjffi/cTi. 
I& 2 Bd i Iff 3 ® <D±m ICtt? -S /t -7 - ©§Fi**i/jN 3 < 
S. l/fc^ot, c©3&2ffi©<ii;K©£^tt;tfT£l£S 

J:9&a&«:j:£. l^2tSS^3B*^l/r i«?o 
10 SIWU>Xi*n«. CCD*t^JU>X» < sii*ju>x© 
hy^"U» hi*tttfi. 3tfc©PR*iU>X (^ft£© 
J*?-**,. 0,. 0 3> SUffii* 2 BB£©iBf?aiSfi£ 

d„ m2mtm3mt<DMmf%*d> £-r&) ©£&© 

[0115] 
[&54] 

-di0»-d« 0t ( 1 -di0i) -l-0i ] 

20 ±{c**3-a--5o ±ie*«i*u— ^3*>6ffi*fsn^ 

*«. ST. =i U^-*u>X4fcJ:9li£*W:5fc5li<i 

5£MjSU ±IB*tt5U>X6fc Alt Stir, iiBft-r 
^?io 2©{i-^!e&ffi±«:*;ft;**i£„ 

[0120] ±IB«-^fBP®-CS«3tl/c7fem(*. 
©*?8*3l(ci!!!'3. ±tE*Mau>X6£i§i&U ±fBtf 
-AX^;^5-C5«?ht, Jif2^i»*U-if3tC 

ItStifcftfttt. »^U>X9CCj;oT*7t3n, 

30 mgu^fiSTs^tiisi otcAW-rs. commas 
±ie^wsi oso'co^asi o©ta*«-^ 

3i i *wor^3n-cc^„ co^mmmca^x 
tih. ±.u? *-t>xx.?-m j %\*. ±ie>i*«5u>X6 

> X 6 ©:M£fi:#Ioj©868!£:^n"3"fif-^-"C ^ ^ . ±tfi f- ^ 

±ia^u>x6(cj:s±ia^m 

^©!Eiii*^Tm-^-c*s. ctie>*uai^ft-^«. 

w, ±ie*t!Bju>X6^i!jai^Bj^c^br*jo. 
±te§*ii®^ft^{c*^i >x mm u > x 6 

{f-r^cilctD. c©*t^U>XCcJ:S±IB7l6^©m 
[01213 cc-c. 74 
50 ^ffliE«ti. ±iB¥i»f*U— 5f3<h±IBt-A^X'; » 



25 

** 5 torn. *>i/<«. Sb'-AX7'>; ^^5i±ies* 
!gju>X6 £©iH«cKw*«fc<,». co^^—^-^m, 

CO 1 2 2 ] ±12^^ X*X**~ fe>-9-tt. ±16*7" 

-* x ^ i o 2 ©ft #§e£j®©±fa*tt$j u- > x 6 ©?fc*itcc 
tccto. ±i&ytf-< x* i o 2©ffl#(c«tot:^-r-5 

C0 12 3]^bT. COf?b-^T^gglt Jb 

fs^x^ssi o i omfr&o: emm&cr-c&zft 

iBf^Xi'Slgl 0 1 ©/?*£«<-*-*£. ±12*7^ 
X* i o 2©ffi£&CJ:£:3VJKM©I5l££ffi?«3tf.5£: 

C©J;-5(C. k.Wt^A X? 1 0 2©7W *20 



= 0. 8 11 



= 0. 635 



(14) ftmW- 1 0- 1 04507 

26 

*x:?g&i o ioiwt*©*f^j'of.(X^i 

«©J?#£{;m& ±f2*t*&U>X6©Hf 1 
®£@iJr§9U>X— »§!>©ffi£ LXmtfT'A^MLXm 

6 <hfi^©^U>Xt*^SL-CtS«W(C^^^^ 

x * £©5R;mc#LTtt#Rm^©#£iA#8S<*tB OjWt 

CO 1 24] 

casein wt. *^jc«?>^!gju>x©^e<]%ii 

SSWWfS. felT©SH^(c*j^r«. 7^x*g 

Si 0 1 li, tf<;27-#*^ h (Ftolycarbonate) <J3 
*t¥1. 5 8 1 6 3 7) -C&SCiibfc. 
C0125] CmMMl) BaCD5 (HOYAttSg) 

B a C D 5 (HOYAttSg) OSSrJg 1 . 5 864 2 

2) £fflc>fcsStfmi;TRC/Tcr. c©iattWc:te<,» 
r, 

CO 1 2 6 ] 
CUC55] 

n (n-1) d. 
= 0, = 0. 994 



10 



R, F 
CO 1 2 7 ] -e&s. 

C 0 1 2 8 ] 36580*. 0 1 0 Kth-T. «KO£H&. 0 

i kc^tt. £/c> siJRM0*. 01 2(c^-r„ ^n-^ 
fttt. JWT©ii0-e*>^„ 

C 0 1 2 9 ] msmSi : 6 5 0 n m 



*W5»«0£S&$tF : 2. 
KOSSt : 0 . 8 5 
CO 1 3 0 ) 

cain 



5 7 16 mm 







won 




SSI® 


2.01222 


2.15 


BACD5J10YA 


#2B0 


736849 


0 




#3B5 


2.00000 


1.450 


BACD5JHOYA 


*4ffi 


4.06432 


0JS03893 






CO 


0.1 






09 







CO 1 3 1 ] 



★ ★ C*2] 





K 


A 


B 


C 


D 




-0.515678 


0.159585E-2 


Q.119665B-3 


0.250300E-4 


0.3257 11E-6 




2.998099 


0.105826E-1 


-0.23647 IE-2 


0.426412E-3 


-D.366530E-4 




-O.32B040 


0.88355 1E-2 


0-3137Q9E-2 


43.616805&3 


0587869E-3 




10.0 


0.306812B-1 


-0.46888SE-1 


0.10000E-2 


0.10000E-3 



CO 1 3 2] 



C*3] 



(15) 



10-104507 



27 



28 









(4-1S*0> 










-0.38i 


0.398 


0.014 


-0.016 


0 


-0.016 


® 2BS 


-0.027 


0.097 


0.070 


0.007 


0.003 


0.010 




0-002 


-0.031 


-0.029 


0.001 


-0.002 


-0.001 




-0.074 


0.007 


-0.067 


0-007 


0.001 


0.008 


asm 


Q.031 




0.031 


-0.002 




-0.002 




-O.0I9 




•0.019 


0.00 1 




0.001 




-0471 


0.471 


-0.003 


-0.002 


0.002 


-0.000 



[0 13 3] LaC 1 3 (HOYAttS?) 

LaC 13 (HOYAttSJf) (mftm 1 . 6 89 86 

d d 

= 0. 7 28 = 0. 6 1 5 - 

R» F 

[0135] 

[0136] ^880*. M 1 3 tCTjrr. 8JiRM0£. m 
1 4«c^-T„ JStiRgH*. HI 5{C7n-r„ |git& 

[0137] Rtt&ft : 6 5 0 n m 5> 



[0 134] 
[«5 6] 



da 
F 



= 0, 



n (n-1) d. 



= 1 . 003 



&mttm&MMF : 2 . 3 6 4 5 mm 

20 mn®. : 0 . 8 5 

[0138] 
[*4] 







®WS 






2.00 


1.72 


UCB^HOYA 




3.84433 


0.00 






2.00 


1.44 


UC13JHOYA 


#4® 


&18477 


0.539739 






oo> 


0.1 






OP 







[0139] 



★ ★ [*5] 





K 


A 


B 


C 


D 




-Q5U722 


0.219692B-2 


CL36SS5«B-3 


-0.891366E-4 


4X88961SE-5 




1.731246 


0.452O48E-2 


-0.204044E-2 


-0.927365E-3 


Q.187339P-3 




-0.247906 


0.642644 £-2 


-0.116092E-2 


0.323202E-2 


-0.105916B-2 


&4m$mm 


0 


0.516720E-1 


-0.514334B-1 


-0.U9820E-1 


0.1682S3E-1 



[0 14 0] 



[316] 



(16) ftffi¥- 1 0- 1 04507 

29 30 



















-0.290 


0.307 


0.017 


-0.015 


0 


-0.015 




-0.002 


0.078 


0.076 


0.00 1 


0.003 


0.004 


»3I 


0.004 


-0.024 


-0.OJO 


0.002 


-a ooi 


0.001 


*4I 


-0.097 


0.013 


-0.084 


0.005 


0.002 


0.0 10 


05® 


0 037 




0.037 


-0.002 




-0.002 




-0.02S 




-0.023 


0002 




0.002 




-0.373 


0374 


0.001 


-0.004 


0.004 


0.001 



C 0 1 4 1 ] CHJStfim LaF20 (SCHOTT) *T. 
%&-?tcMstffl [0 14 2] 

LaF2 0 (HOYAttS) (®*f^ 1 . 73943 [&57] 

i) *m>/cKftffl£ferFct7jvr,, commie*^ * 

d d d» n (n- 1) di 

= 0. 74 5 = 0. 6 2 5 — — =0. = 1. 1 

Ri F F R» 

[0143] * &%>M£MMF : 2 . 4137mm 

[0 14 4] :£S8S£. Bl 6fC^f. 0 20 IfOSfr: 0. 8 5 

1 7 KnrT. £/c. SHRHS*. m 1 8 (C^f . gft^ [0146] 

mt, M.T<DM<0'C$>Z>o [*7] 
[0 14 5] Wt§m&: 650 nm * 













2.0276J 


1.75 


LaT20LHOYA 




3.60629 


0.00 




«31H 


2.25852 


1.56 


LaE20JIOYA 




0.29051 


0.503269 






oo 


0.1 






CO 







[0 147] ★ ★ [*8] 





K 


A 


B 


C 


D 




-O.S0O452 


0.238656E-2 


O520258E-3 


-0.40443 1E-4 


-0.5050I3E-5 


ft 2 mum 


1.796200 


0.444639E.2 


-0.12093 IE-2 


-0.865357E-3 


0.954 777E-4 




-0.274098 


0.570798E-2 


-O.229035E-2 


0314339E-2 


-0.849576JE-3 


ft 4 mm 


0 


O.636039E-1 


-0.563949E-I 


-O308782E1 


0309499E.1 



[0148] 



t*9] 



31 



(17) 



ftffiW- 1 0- 1 04507 
32 



















-0.306 


0.3 »fi 


O.0IO 


0.0)9 


0 


0.010 ' 




-0.003 


0.090 


0.087 


♦0.CO2 


-D.004 


-0.006 




0.00) 


-0.027 


-0.026 


-0.00) 


0.001 


O.000 


*4M 


-0.093 


0.0)2 


-0.081 


•0.010 


-0.002 


-0.0)2 


£59 


0.03! 




0.031 


0.002 




0.002 


*6B 


-0019 




-0.019 


-0.001 




• 0.001 




-0.389 


0.391 


0.OD2 


0.007 


-0.005 


0.002 



[0149] tmmm4i pmma okv 
^rfBS-f-sctan?**,, pmma (^u^^;u^^ 

(PDlymethvlmethacrylate) ) Offifi^l. * 

d d 

= 0. 74 3 = 0. 5 5 0 



* 4 9 2 ) zm^tcwtsfrnzMTtcm-r. cvrntmias 

[0150] 
[&5 8] 



R. 

n (n- 1) d, 



da 
F 



= 0. 10 3, 



=0. 65 7 



[0151] T?£>-2>. 

[0152] jtmm*. m i 9 jc^-r. «tnxM0£. a 

2 0K7n-ro £7c> i2 1(C^t. C<DW 



* [0153] tatt^m*. «T©iiD-c*^ 0 
[0154] tfciHS* : 6 5 0 n m 
ttftMk&BIBF : 2 . 9 9 3 9mm 
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